Introduction
18 Hydroxyl (OH) radical is a major oxidant in the troposphere and plays an important role in the ability 19 of the atmosphere to "cleanse itself" (Heard and Pilling, 2003) . In addition, OH radical affects many 20 chemical and photochemical processes and contributes to the formation of O 3 and PANs (peroxyacyl 21 nitrates) (Heard and Pilling, 2003; Hofzumahaus et al., 2009) . As an important precursor of OH 22 radical, HONO is a significant species in the tropospheric photochemistry (Alicke et al., 2002;  23 Kleffmann et al., 2005; Lammel and Cape, 1996) . Recent studies proposed that HONO photolysis 24 (R1) produced 34% ~ 56% of OH radical in the whole daytime (Alicke et al., 2002; Hendrick et al., 25 2014; Kleffmann, 2007; Michoud et al., 2012) and produced about 80% of OH radical in the early 26 morning (Acker et al., 2006) . Moreover, in pollution episodes, OH radical is almost generated by 27 HONO photolysis (Aumont et al., 2003; Platt and Perner, 1980) . 28 HONO + hv 300 nm<λ<405 nm → OH + NO R1 29 In recent years, HONO has been extensively discussed owing to its ability of initiating and 30 accelerating daytime photochemistry. HONO sources were generally grouped into direct emissions, 31 homogeneous reactions, heterogeneous reactions, surface-absorbed nitric acid and/or particulate 32 nitrate photolysis and soil nitrite emissions (Spataro and Ianniello, 2014, and references therein). 33 Although vehicle emissions contribute to ambient HONO, the relative contribution is controversial, 34 as there are different types of vehicles and various vehicle emission standards (Trinh et al., 2017) . 35 The reaction of NO with OH (R2) is widely accepted as a key homogeneous pathway to form HONO, 36 especially when NO and OH are high during the daytime in polluted areas (e.g. Li et al., 2012) . Due 37 to the low level of OH radical, this homogeneous reaction was reported to be insignificant during the 38 nighttime (Wong et al., 2011) . However, recent studies found that nocturnal OH radical were 39 relatively high in China, for example, OH radical was mostly above 3 × 10 5 cm −3 in Wangdu in 40 summer 2014. Therefore, homogeneous formation could play an important role in HONO formation 41 (Tan et al., 2017; Tong et al., 2015) . Laboratory studies suggested that heterogeneous conversion of OH + NO M → HONO R2 48 Beijing, a rapidly developing megacity in China, has been suffering from haze pollution for several 49 years. For example, only during January 2013, the PM 2.5 level in the urban area of Beijing exceeded 50 the Second Grade National Standard of China (75 μg m -3 ) for 22 days, meaning that people were 51 exposed to polluted air for nearly the whole month (He et al., 2014) . Although the government 52 rapidly took the strict control measures for anthropogenic emissions, such as vehicle control and 53 production restriction measures, substantial amounts of haze events have occurred since 2013. Haze 54 is usually caused by secondary aerosol particles (Guo et al., 2014; Huang et al., 2014; Liu et al., 55 2017a). Several studies indicated that high level of HONO produced high level of OH radical, 56 resulting in increased secondary aerosols (An et al., 2013; Huang et al., 2014) . Therefore, the source 57 and formation mechanism of HONO are crucial for better understanding the atmospheric chemistry 58 during pollution episodes. Numerous field observations were performed to investigate mixing ratios 59 and potential sources of HONO in Beijing (shown in Table 1 ), but the studies for the level and 60 formation mechanism of HONO during haze episodes are still limited. 61 Beijing has suffered from a severe haze pollution from 16 to 21 December, in winter 2016. The 62 government issued the first red alert for heavy air pollution in 2016, and rapidly took the most strict 63 control measures for anthropogenic emissions, such as vehicle control and production restriction 64 measures. Hereby, we performed a field measurement of HONO at an urban area of Beijing during The atmospheric HONO mixing ratios were conducted using a custom-made HONO analyzer which 89 was described in details elsewhere (Hou et al., 2016; Tong et al., 2016; Tong et al., 2015) . Fig. 1 gives an overview of PM 2.5 and meteorological parameters. The levels of PM 2.5 were used to 111 classify the measurement into three periods. Period I was a haze period from 16 to 19 December 112 when PM 2.5 were mostly higher than 75 μg m -3 with a mean value of 130 μg m -3 , the RH ranged from 113 22% to 66% and wind speed was from 0 to 1.9 m s -1 . Period II was from 20 to 21 December, called a 114 8 severe haze period with PM 2.5 between 140 and 418 μg m -3 and the mean value of 285 μg m -3 . The 115 RH during period II was between 69% and 88% and wind speed was from 0.1 to 2.2 m s -1 . During 116 two haze periods, the wind speed was mostly less than 2.0 m s -1 . Due to the strong winds during 117 period III from 22 to 23 December, the air was clean with PM 2.5 less than 10 μg m -3 and the RH less and II, similar to those in previous studies (Huang et al., 2017; Tong et al., 2016; Wang et al., 2017) . 157 The diurnal variations of NO, NO 2 , and CO were weak and mixing ratios of these gaseous species 158 were extremely low during period III, due to strong winds. Additionally, diurnal values of NO and 159 11 CO followed the same pattern during periods I and II, and peaked at around 9:00 LT due to vehicle 160 emissions during the morning rush hour, subsequently declined to minimums at around 15:00 LT. 161 After 16:00 LT, NO and CO mixing ratios began to rise due to the evening rush hour and the 162 reduction of the boundary layer depth after sunset (Hendrick et al., 2014; Tong et al., 2016) . The NO 2 163 mixing ratios were generally stable and after 12:00 LT gradually increased during periods I and II. 164 But NO 2 mixing ratios exhibited no obvious variations and remained at low levels during period III. 165 SO 2 mixing ratios peaked at around 14:00 LT during two haze periods and their diurnal patterns were 166 more significant during period I than during period II.
167
According to the descriptions of section 3.1 and 3.2, the wind speed was relatively low during 168 periods I and II, suggesting a limited from regional contribution. However, wind speed was mostly 169 higher than 2.0 m s -1 during period III, and severely affected the in situ parameters and thus the data 170 points during period III were not discussed for further analysis of HONO sources in the following 171 sections. 
Conclu
Atmospheri mean mixin Phys. 14, [765] [766] [767] [768] [769] [770] [771] [772] [773] [774] [775] [776] [777] [778] [779] [780] [781] Hofzumahaus, A., Rohrer, F., Lu, K.D., Bohn, B., Brauers, T., Chang, C.C., Fuchs, H., Holland, F., 414 Kita, K., Kondo, Y., Li, X., Lou, S.R., Shao, M., Zeng, L.M., Wahner, A., Zhang, Y.H., 2009. 415 Amplified trace gas removal in the troposphere. Science 324, 1702 Science 324, -1704 Hou, S.Q., Tong, S.R., Ge, M.F., An, J.L., 2016. Comparison of atmospheric nitrous acid during 417 severe haze and clean periods in Beijing, China. Atmos. Environ. 124, [199] [200] [201] [202] [203] [204] [205] [206] Hu, M., Zhou, F.M., Shao, K.S., Zhang, Y.H., Tang Environ. Sci. Health Part A Toxic/Hazard. Subst. Environ. Eng. 37, [479] [480] [481] [482] [483] [484] [485] [486] [487] [488] Huang, R.J., Yang, L., Cao, J., Wang, Q., Tie, X., Ho, K.F., Shen, Z., Zhang, R., Li, G., Zhu, C., 
